Abstract
INTRODUCTION
Chilimo Forest is one of the Dry Afromontae Forests of Ethiopia. Tsegaye Tadesse (expert served in the forest for 20 years, personal com.) stated that the Chilimo Forest was controlled by the close allies of Minilik after his invasion of the area. One of the close allies of Minilik, a French citizen (Komdor) who provided him with war weapons, was the first to get the forest as a favour. After the departure of Komdor, the forest was passed to Ras Mekonnen who in turn passed it to Hailesillassie. It is believed that Hailesillassie built the building in the forest and upon the birth of Leul Mekonnen he transferred the forest to his wife, Itege Menen. Before the Italian invasion, Itege Menen contracted the forest with five foreign investors and the forest began to produce large scale timbers. After the Italian invasion (i.e., between 1937-1968 ) the forest had been owned by different foreign investors who used sawmills for the production of numerous timber products. These foreign investors include Jana (between 1937-1941) , Kazantay (1942 Kazantay ( -1945 , Mozvold (1946 Mozvold ( -1951 , Fogstan (1952 Fogstan ( -1953 and Vaskin (1954 Vaskin ( -1968 (Tsegaye Tadesse, personal comm.) . After 1968, all the sawmills were forced to stop operation and protection of this forest came into existence. Albeit the declaration of protecting the forest, not enough had been done to circumvent 60% loss of this forest in ten years time.
It is not uncommon to mention that Ethiopia had experienced substantial deforestation, soil degradation and an increase in the area of bare land over the years (Logan, 1946) . The need for fuel wood, arable land and grazing areas are the main causes of forest degradation, frequently leading to loss of forest cover and biodiversity, erosion, desertification and reduced water resources. Several studies focussing on forests or vegetation of specific regions in Ethiopia (Hedberg, 1951 and Mooney, 1963; Gilbert, 1970; Coetzee, 1978; Friis et al., 1982; Hailu Sharew, 1982; Zerihun Woldu, 1985; Sebsebe Demissew, 1988; Uhlig, 1988; Zerihun Woldu et al., 1989; Uhlig and Uhlig, 1990; Zerihun Woldu and Backeus, 1991; Haugen, 1992; Mesfin Tadesse, 1992; Tamrat Bekele, 1994; Miehe and Miehe, 1994; Demel Teketay, 2000 and Teshome Soromessa et. al., 2004; Ensermu Kelbessa and Teshome Soromessa, 2008; Teshome Soromessa and Ensermu Kelbessa 2013a and 2013b) have been carried out. Moreover, the vegetation resources of Ethiopia, including forests, woodlands and bush lands, have been studied by several scholars (Russ, 1945 compiled by Woldemichael Kelecha, 1979; Logan, 1946; Pichi-Sermolli, 1957; von Breitenbach, 1961 von Breitenbach, , 1963 Westphal, 1975; Chaffey, 1979; Tewolde Berhan Gebreziabher, 1986 Friis, 1986 Friis, , 1992 Friis and Mesfin Tadesse, 1990; EFAP, 1994) who have employed different methods of vegetation classification. Specific studies pertaining to carbon sequestration potentials of Afromonatne forests and genera related ones have been carried out (Teshome Soromessa, 2013; Adugna Feyissa et al, 2013) . Almost all the aforementioned studies have made a pencil note about the intractable loss of this natural resource.
MATERIALS AND METHODS

The Study Area
The Chilimo Forest (collectively known as Chilimo Gaji Forest) is situated 97 km west of Addis Ababa, 7 km north of the small town of Ginchi and close to the main road running to Ambo (Fig.1 ) . Altitudinally, the forest area ranges between 2170 to 3054 m a.s.l. The forest is a small enclave in the western section of the ridge that stretches from the capital westward to Gedo highlands and covers some ca. 2500 ha though the area allocated as forest is more. The inhabitants of the area are the Oromos with some other ethnic groups settled in the heart of the forest, who came to the area to work as a daily labourers at the time of the operation of the sawmill. According to Tamrat Bekele (1994) and Friis (1992) , the Chilimo Gaji Forest belongs to Dry Afromontane forest type. In Ginchi and the surrounding Chilimo area, there are five rainy months extending from May-Sept with the highest peak in July. Ginchi belongs to Type I rainfall regime of Daniel Gamachu's (1977) class. 
Geology and Soils
According to Mohr (1971) , the geology of Ethiopia was grouped into: a) the Precambrian basement complex of various grades and types of schists, gniessis etc., and to a lesser extent unaltered sedimentary rocks and igneous intrusions, b) the Mesozoic mantle sediments that were deposited during a transgression in the Upper Jurassic when the sea engulfed the country from the south-east and c) the cover deposits.
In the central Plateau including Chilimo, basalt constitutes the main rock types that are chemically and mineralogically uniform in composition. It is however, important to note that in most parts of the country, the basement rocks are overlain by more recent rocks (flood lavas) of the Tertiary period occurring in series and finally formed what is known as the Trap Series. The volcanic rocks of these series include rhyolites, trachytes, tuffs, ignimbrites, agglomerates and basalt forming the substrate of most types of Afromontane forest (Mohr, 1971) . With regard to the soil, a generalised account on the Nature and Management of Ethiopian Soils was in Mesfin Abebe (1998) , with particular references to their genesis, classification, distribution and sound management aimed at their sustainable utilisation. Others like Logan (1946) , Murphy (1958) , Westphal (1975) , EMA (1988) also made descriptions and surveys of Ethiopian soils. Based on the aforementioned works, it can be said that the major soil types around Chilimo areas are various types of Vertisols, Luvisols and Cambisols dominates in the areas.
Vegetation
The works of White (1983) and Friis (1992) had eloquently described the forest of Ethiopia with the characteristic species. Consequently, the Chilimo Forest could be categorised in Undifferentiated Afromonate Forest type of Friis (1992) , where the forests are either
Juniperus-Podocarpus
Forests, or predominantly Podocarpus Forests, both with and element of broadleaved species.
Sampling Design
A reconnaissance survey of the study forest was made so as to obtain an impression and visual description of the general vegetation physiognomy and hypothesise vegetation-environment relationships such as altitude, slope and aspect. Discussion pertinent to forest resources was conducted with the local people (particularly the beneficiaries of the forest) in the study area.
Vegetation and Environmental Data
Data on vegetation and environmental parameters were gathered using a 900 m 2 (30 m x 30 m) quadrat which was laid following the homogeneity of vegetation. Sample plots were selected through preferential means in such a way that the various conditions encountered represented in the study forest. Woody species were counted. Additional tree and shrub species within 10-m distance from the plot boundaries were recorded as present. Diameter at Breast Height (DBH) and height of all woody species that are above 150 cm high and more than 10 cm thick were recorded. DBH was measured using a meter tape and height of individuals was measured using Clinometer.
Investigation of the seedling density and regeneration of target species has been carried out using the same quadrat size, 30 m x 30 m. Partitions were made within the big quadrat so as to make seedling counts easier. In each of these quadrats, the number of all seedlings that are up to the height of 150 cm was recorded. Individuals attaining 150 cm and above in height but less than 10 cm thick were considered as sapling and counted.
Interview was conducted for the investigation of the various pressures exerted on different species. The local people, who are more likely to know plant vernacular names and their detailed uses, were interviewed. The information on vernacular names and the various uses of species were gathered from the informants via repeated field interviews as described in Maundu (1995) ; Kamatenesi-Mugisha et al. (2000) and Kakudidi et al. (2002) . Plant specimens were identified at the National Herbarium and in the field. All voucher specimens that were in flowering and/or fruiting stages were brought to the National Herbarium of Addis Ababa University and deposited. Nomenclature of plant taxa follows the published volumes of Flora of Ethiopia and Eritrea.
Data Analysis
The vegetation and environmental data gathered from the field were fed into a computer for the subsequent analysis of the data. The vertical structure of the forests were described following the International Union for Forestry Research Organisation (IUFRO) classification scheme (Lamprecht, 1989 ) that categorise the vertical structure as upper, middle and lower storeys. The population structures of some selected species were analysed for the interpretation of the pattern of population dynamics in the forest.
RESULTS AND DISCUSSIONS
Diversity of Chilimo Forest
Analysis of the gathered data indicated that there exists a diverse plant species occurring in the forest investigated for the present study. The gathered plant species include pteridophyta, gymnosperms and angiosperms. All together the plant species recorded from Chilimo Forest are 213 and can be categorised into 83 families. As shown in Figure 2 , the highest proportion is the angiosperm (represented by 193 species) followed by pteridophyta (16 species); the least represented being the gymnosperms (represented by 2 exotic and 2 indigenous species). Complete lists of the species recorded from Chilimo Forest with their family and local names are provided as Appendix 1. Based on the information presented in Appendix 1, it can be seen that the highest proportion of the habit or form is the herbaceous component. From the same list, however, the dominant family in the forest is Asteraceae that is represented by 28 species making a total proportion of 13% of the total species in the list.
Floristics
The Chilimo Forest is one of the Afromontane Forests in the country. Despite its proximity to the center, this forest has been studied repeatedly, inter alia, Tamrat Bekele (1994) 
Vertical Structure
The vertical structure of the woody species occurring in the Chilimo Forest was analysed using the IUFRO classification scheme as cited in (Lamprecht, 1989) . The scheme classifies the storey into upper, where the tree height is greater than 2/3 of the top height; middle, where the tree height is in between 1/3 and 2/3 of the top height and the lower storey where the tree height is less than 1/3 of the top height. The top height here is considered as 45 m. Accordingly, in Chilimo Forest, the upper storey of the forest is either Juniperus or Podocarpus or predominated by both emergent species. In most of these forests, the middle storey is dominated by species like Olea europaea, O. capensis, Scolopia theifolia and Allophylus abyssinicus. The lower storey of the forests is largely composed of small trees and shrubs such as Myrsine africana, Teclea nobilis and Bersama abyssinica.
Density
Density of a given species is expressed as number of stems per hectare. In Chilimo Forest, the highest density was recorded for Maytenus gracilipes (258.7 individuals per hectare), which is followed by Podocarpus falcatus (120 individuals per hectare) and Scolopia theifolia (109.3 individuals per hectare), while the least density of species was recorded for Gnidia glauca that contributed less than an individual per hectare.
DBH and Height Profile
The DBH and Height classes data of the Chilimo Forest are presented in Figures 3 and 4 below. The DBH classes showed continuous decrease in number of individuals with increase in class sizes. Those belonging to DBH classes 1-3 contributed about 79.8% of the number of individuals. This shows that small sized individuals dominate the forest. In general, the differences observed in DBH and Height classes' distribution could be attributed to the exploitation histories of the forest. These data suggest that the forest was not free from exploitation. However, the extent of exploitation varies from one-forest patches to another. Particularly, the presence of sawmill in this forest for longer period had reduced it to small patches of secondary forest vegetation. Intensive and selective cutting of timber species was believed to be intensified during the Italian occupation where the Forest was in the hand of foreign investors.
Population Structure of Some Species
Thirty-seven woody species were investigated for population structure in Chilimo Forest. The structural analysis showed four major patterns as reproduced in Figs.5 a-h. Allophylus abyssinicus and Prunus africana form the first pattern (Fig. 5a ), which have even distribution of species in the different classes. The second pattern (Fig. 5b) is the pattern formed by Scolopia theifolia and Maytenus gracilipes. In this pattern more individuals are in the lowest DBH classes. 
Values
Characteristics
Millettia ferruginea
Olea europaea and Olinia rochetiana form the third pattern (Fig. 5c ). In this pattern the number of individuals is lower in the first class and increases in the second followed by gradual decrease towards the higher classes. The fourth pattern (Fig. 5d ) is a pattern with only few individuals represented in certain classes. Maytenus addat and Gnidia glauca belong to this pattern in this forest. On top of other factors, such pattern may suggest the rarity of a species in the forest as well. The fifth pattern is a pattern exhibited by Juniperus procera (Fig.  5e ). This pattern shows that selective cutting of Juniper has been taking place on DBH classes 3 and 6 in the forest. It is important to note here that the structure of a given species could vary from forest to forest depending on the status and the history of that forest. Perhaps, this shows that there has been a special preference of different size individuals of a species for different purposes by the people living in and around the forests.
Regeneration Status of Some Woody Species
The Chilimo Forest was also investigated for the regeneration status of some selected woody species. Some species are represented by their seedlings while others by their saplings. The highest seedling was recorded for Maytenus gracilipes followed by Allophylus abyssinicus and Bersama abyssinica (see Table 4 ). The highest sapling was recorded for Maytenus gracilipes followed by Podocarpus falcatus and Scolopia theifolia. The highest tree/shrub number was that of Podocarpus falcatus denoting that this species is in a better condition in Chilimo Forest. Based on the data gathered from the field seedlings, saplings and tree/shrub distribution of some selected species are presented in Figure 6 . 
Use Values of Some Selected Species
An interview on the uses of some major plant species was made so as to deduce the extent of pressure on a particular species. The participants have pointed out the major uses of wood products and non-wood products extracted from the forest. The use of plants by the local people can be grouped into a number of non-restrictive categories. For the purposes of simplicity, the following use categories of the plants were considered here: timber, construction, farm implements, firewood, charcoal, spices, medicinal, bee forage and for hive hanging purposes. Thirty-eight species were included in the interview. Of these 13 were identified as timber species, 14 for construction, another 14 for farm implements, 35 species for firewood, 21 species for charcoal production, 13 species for medicinal purposes, 25 species for bee forage and 25 species as used for hive hanging (Figure 7 ). In Chilimo a given species could serve different purposes. For example, Olea europaea and Prunus africana serve 6 different purposes (Table 4) . On top of the aforementioned uses in Chilimo Forest, there is a seed collection practice in the area. Seeds are collected from different species and sold as a means to generate income for the local people. The seed of some species are quite expensive. For example, 1 kg of the seed of Juniperus procera costs 50 Birr (see Table 2 ). In fact these extractions of seeds promote the multiplication of these species and are considered as a trend to be promoted in other places. However, care must be taken not to over-exploit the concerned species and reduce their genetic variety. 
Endemism
There are a number of flowering plant species in Chilimo forest that are endemic. Information on the endemic flowering plant species of Ethiopia and the levels of threat to them has been published in Ensermu et al. (1992) , and Vivero et al. (in press ). Based on the published Flora volumes and the lists of species in this forest, the endemic species and the levels of threat on each taxon are given in Table 3 below. Table 3 shows that 17 endemic species have been recorded from Chilimo Forest. Based on the IUCN Criteria of level of threat, 1 species is endangered (EN) and 2 species have been evaluated as vulnerable (VU), 4 other species have been categorised as not threatened (NT). The remaining ten species have been found to be categorized as species of least concern (LC). 
Status of Some Selected Species
Some woody species of the Chilimo Forest are used for many purposes. Moreover, these species are not represented (if represented by few individual) by the various stages of development. It is then quite clear that such species that have been over utilized and lack replacement would eventually disappear from the forest. For example, Gnidia glauca, Ilex mitis and Maytenus addat (see Table 4 ) are not represented by either seedling or sapling stages, showing that these species are those that need immediate conservation measures. Contrary to this fact, some species though over utilized are represented by better individuals (e.g., Podocarpus falcatus and Scolopia theifolia) at different stages. Species that are used for various purposes and yet bearing pattern II type of population structure are those that have good reproduction and recruitment (e.g. Scolopia theifolia). Such species are those that don't need urgent conservation attention.
